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ABSRACT.  The  effectiveness offour road turn-out ditch treatments (vegetation, rip-rap, sediment fences, and settling basins)
in reducing sediment export to the forest  floor was evaluated. These four runoff control metho&  are commonly prescribed
to control forest  road runoff and sediments. The study utilized runoff samplers, runoff diversion walls, sediment filter bags,
and erosion stakes to evaluate runoff concentration reductions through the treatments and sediment export downslope of the
treatments. Settling basin, sediment fence, and vegetation treatments had no significant differences in run08  concentration
reduc6ons, which averaged more than 40%. The rip-rap was significantly less effective ut  reducing rurwff concentration than
were either the vegetation or sediment fence. The sediment  basins were very effective during smaller storm events, but not
during the largest storms, when they overflowed. The sediment basin exported the least amount of smaller-sized sediment
that is likely to be delivered to stream systems.
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S
oil erosion and eventual stream sedimentation
adversely affect the nation’s water quality.  Eroded
sediment can carry nutrients and pesticides,  which
degrade water quality and affect aquatic life. The

effects of human disturbances on soil erosion and
sedimentation are major concerns in land management in the
U.S.  Special  at tention has been given to sediment transport
from non-point sources resulting from management
act ivi t ies  on forested lands.

Forested lands have minimal  erosion and sedimentat ion
when there is minimal soil disturbance from forest opera-
tions.  The increased surface  cover  from t rees  in combinat ion
with protection from raindrop impact by forest  l i t ter  negates
the damaging effects of rainstorm energy. A different
condition is encountered once the vegetation and surface
li t ter  are disturbed by forest  operations,  result ing in acceler-
ated erosion and degradation of stream water quality (Grace,
1998; Reinhart  et al., 1963). Forest roads have been
emphasized as major contributors of  potential ly detr imental
impacts  (Binkley and Brown,  1993;  Reid and Dunne,  1984).
They account for as much as 90% of al l  erosion losses on
forested lands (Hoover,  1952; Megahan, 1972; Patric,  1976).

High levels of soil erosion can occur following road
construction and maintenance,  which disturb forest  cover
and the forest floor (Grace et al. ,  1998; Grace, 1999). Forest
floor disturbance can accelerate typically negligible forest
erosion rates of 0.30 t/ha by more than a hundred-fold. Forest
roads have clearly been defined as the major contributor of
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sediment transport  to streams from forestlands (Anderson et
al., 1976; McClelland et al., 1999; Packer, 1967; Patric,
1976). Several factors contribute to the increased erosion
potential of forest roads: (1) removal of surface cover,
(2) concentrated flow in ditches,  (3) interception of subsur-
face flow, (4) destruction of the natural soil structure,
(5) increased slopes,  and (6) compaction. The combination
of these factors greatly increases potential  for soil  detach-
ment and transport and requires special design considerations
to reduce environmental  impacts on surface water quali ty.

The environmental impacts of forest roads are largely
dependent on site characteristics,  topography, and geograph-
ical area.  More specifically,  erosion and sedimentation from
roads vary depending on soil characteristics, climatic factors,
and watershed hydrology.  Swift  (1985) found that  roadside
slopes and ditches accounted for the majori ty of  sediment
produced from the road prism in a study in the southern
Appalachians.  Bare roadside slopes and ditches in Swift’s
study produced greater than 1.50 t/ha during a 4-month winter
period. Grace et al.  (1997) found that bare roadside slopes
alone produced sl ightly greater than 40 t /ha over a &-month
period. The roadside ditch is considered a major area of
concern in mit igat ing erosion losses from the road prism in
most  geographical  regions.

Most  s tate Best  Management Pract ices (BMPs)  recom-
mend the installation of some form of erosion control
techniques to reduce sediment exported from the road prism.
Alabama’s BMPs  suggest  the instal lat ion of  water  diversion
techniques such as turn-out ditches,  water bars,  and broad-
based dips at the time of road construction to minimize
sediment export (Alabama Forestry Commission, 1993).
BMPs  state that adequate drainage is one of the most
important factors in controlling sediment  movement from the
road system. Some state BMPs  are more detailed and
aggressive; Kentucky, for example, passed a law in 19% to
promote good stewardship on forest land by requiring that
loggers  and operators use appropriate BMPs  during t imber
harvest .
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Haupt (1959)  in a study of sediment flow distances forest  f loor,  in order to supplement or improve current road
downslope of non-point sources, found flow distances BMPs.  The treatments were compared based on the sediment
ranged from 1 to 113 m. The investigator concluded that fil tered from each associated treatment.  The purpose of this
sediment t ransport  distances from a road embankment into a experiment was to test the hypothesis that there are no
buffer zone were affected by four factors: the slope differences in the filtering capacity of the following four
obstruction index, slope length, road gradient, and cross-
ditch interval  squared.  This work resulted in an equation for

roadside erosion control  techniques:  (1) vegetation,  (2) rip-
rap,  (3) sediment fences,  and (4) sett l ing basins.

determining safe filter strip widths based on these four
factors. An alternative filter striu  width eauation was
proposed by Swift  (1986) based on-his  research relating to
brush barriers and type of drainage structure.  The sediment

mTERIALS  AND  ~~~~~~~

transport distances without vegetation ranged from 11  to The study site was a one-mile section of access road on the

96 m, with shorter  distances below vegetated slopes.  The Tuskegee National Forest  in Macon County near Tuskegee,
final  equation presented by Swift’s research was: Alabama. Long-term average annual precipitation for the

Tuskegee  area is 1300 mm. most of which is rainfall. The
RI--ye&,  24-hour storm for the area is given as 16.5 mm.
Rainfall amount and intensity, ambient temperature, and soil
moisture were recorded by a weather station located on site.
Runoff volumes in turn-out sections were estimated based on
runoff emanating from road sections, taking into account
infiltration rates for each associated road section and
roadside di tch.

X (slope percent) (I)

Road designs that  consider  environmental  impacts  have a
common principle:  directing water away from the roadway
with a non-erosive velocity.  Many authors have suggested
criteria for such designs, emphasizing water control and
drainage structures,  which are two major influences on soil
erosion and sedimentation (Cook and Hewlett, 1979; Gar-
dner, 1978; Hewlett and Douglass, 1968; Murphy, 1985;
Packer, 1967; Swift, 1985; Weitzman and Trimble, 1952).
Diversion of surface water into filter strips or other dispersion
areas reduces runoff volume and velocity and thereby
directly influences soil detachment and transport by reducing
the erosive energy of runoff water (Brinker,  1993; Trimble
and Sartz,  1957).  Typical  design features uti l ized to remove
water from the road prism include broad-based dips,
turn-outs,  culverts,  earthen berms, and outsloping. However,
there is little research on the erosion control efficacy of many
of the above-mentioned design features.

Historically, most forest roads were designed with the
primary goal of providing access to areas for management
prescriptions, with little regard to environmental impacts.
Currently, the concern in forest road research is the design of
road systems that  consider three major objectives:  environ-
mental  sensi t ivi ty ,  aesthet ics ,  and sustainabi l i ty .  Removing
water from the road system with minimal soil movement and
preventing sediment from being exported to stream channels
are two goals for improved road designs. The most important
method to accomplish these goals  is  to  disperse f low, thus
reducing erosive energy of the runoff water.

The roadside ditch is a critical area in forest road
management because it  serves as a zone of flow concentra-
tion from the traveled way, cutslope, and upland forest .  The
roadside ditch has increased erosion potential  due to large
volumes of water at high velocities. Reducing sediment
export  from the road prism wil l  l ikely reduce the amount of
sediment that reaches streams, which causes detrimental
effects to aquatic l ife.  I t  is  hypothesized that  the roadside
ditch can be utilized to mitigate sediment export from the
forest  road system, thereby decreasing sediment transport
distances downslope.  Based on the above hypothesis ,  di tch
erosion control techniques will be a major element in the
reduction of environmental  impacts of forest  roads on forest
lands .

OBJECTIVES

Soil on the study site is a Norfolk loamy sand, ranging
from 6% to 12% slope.  Norfolk soils  are characterized by a
15-cm deep, gray, loose, sand surface layer. The upper
subsoi l  layer  is  l ight  brownish-yel low loamy sand,  and the
lower soil  layer,  at  a depth of 1.1 m, is  yellow friable sandy
clay. The forest road evaluated in this study was re-
constructed,  during a two-week period in August  1997, to
incorporate proper turn-out design and spacing. The
crowned road with ditching had originally been constructed
20 years earlier for forest  management activit ies.

Road turn-out ditches with similar topography, road
design, soils ,  and drainage were selected for this investiga-
tion. Three replicates of four sediment control techniques
were used in this experiment: (1) vegetation, (2) rip-rap,
(3) sediment fences,  and (4) sett l ing basins (fig.  1).  Turn-out
ditch spacing and constructionfre-construction  followed
specifications currently recommended by Alabama’s Best
Management Practices and used by the National  Forests  of
Alabama (table 1) .  Turn-out di tches were V-shaped with a
minimum cross-sect ional  width of  1.2 m and depth varying
according to surrounding topography.  Turnout di tch slopes
were l imited to 2% to 4% grades.

Ditch treatments were hand-seeded with a mixture of
Pensacola bahiagrass (Paspalum notatum)  at 22.5 kg/ha,
annual lespedza (Lespedza cuneata) at 5.6 kg/ha, white
clover (Trifohm  repens)  at 11.2 kg/ha, and Kentucky
31 fescue (Festuca  arundinacea)  at 28.1 kg/ha. Treatment
areas were mulched by hand with fescue hay at a rate of 4.5
t/ha and fertilized with 13-13-13 fertilizer at a rate of 1.0
t/ha.  Treatments were applied within the treatment area,  3 m
x 3.5 m, with the 3-m length between inlet and outlet
sampling points (fig. 2). Vegetation treatments consisted
solely of  the seeding and mulching scheme mentioned above
applied within the treatment area. Settling basins were
designed on the basis of expected runoff from the road prism
drainage area support ing the turn-out  di tch.  Set t l ing basins
were designed to hold 38 mm (-25% of IO-year, 24-hour
storm) of runoff from drainage areas using the  equat ion:

This investigation evaluated the effectiveness  of four
ditch turn-out  t reatments  in reducing sediment  export  to  the

V=Axd (2)
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Figure 1. Experimental design and field layout for the ‘lhskegee study.

V = runoff volume (m’)
A = drainage area (m2)
d = depth of rainfall (m).
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Each basin’s design dimensions were 3.5 m X 3 m X 1  m,
with a storage capacity of 11 m3. Rip-rap ditch treatments
consisted of No. 1 coarse aggregate applied to a thickness of
31 cm and to a length of 3 m from the ditch outlet. Sediment
fences,  3 m in length, were placed perpendicular to turn-out
di tch outlets  for  al l  sediment fence treatments.

Sediment transport from the  road prism was measured
using two runoff  samplers at  each turn-out di tch structure
located at  the inlet  and out let  of  the mit igat ion t reatments .
Composite runoff samples were collected for each runoff
event,  and suspended sediment was determined by gravimet-
ric filtration. Filtering accomplished by each associated
treatment was determined by comparing inflow and outflow
runoff concentrations.

Sediment delivery downslope onto the forest  f loor was
also investigated by measuring the quantity of sediment
exported to the forest floor downslope of the mitigation
treatments. A diversion dam was located below each
mitigation treatment to direct runoff into I-micron filter bags
(fig. 2). Filter  bags were periodically collected, dried, and
weighed.  The collected sediment indicated the quanti ty of
sediment  that would have been exported into filter strips
below each turn-out treatment.  Erosion stakes were installed
ahove  the diversion dams. Forest floor elevation changes
were determined from erosion stakes and were used to
estimate the weight of sediment deposited  on the forest floor
upslope  of the filter hags. Total exported sediment was
determined as a combination of sediment collected in filter
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bags and sediment deposited on the forest  f loor above the
diversion dam. The procedure ensured collection of nearly
100% of all sediment passing through treatments. The
treatments were then compared on the basis of the total
exported sediment .

Inflow and outflow runoff concentration data were
analyzed in a paired sample design. Mean reductions
between inflow and outflow concentrations were determined
and used in analysis of variance (ANOVA).  The hypothesis
for this comparison was that treatments were equal in
capacity to fi l ter  sediment-laden runoff.  Mean reductions in
runoff concentration and sediment yield were used as
dependent variables for investigation. Independent variables
considered in the ANOVA  were treatment method, road
grade, and runoff volume. Where ANOVA  indicated s ignif i -
cant differences, individual treatment means were compared
using Duncan’s  Mult iple  Range Test .

R.EWLTS
Fifty-three sampling events  were monitored during this

initial phase of the study, which covered a period from
2S August 1997 to 27 December 1998. A sampling event
consis ted of  an individual  s torm. Storm intensi t ies  ranged
from 1.0 to 31.0 mm/hour with an average intensity of
4.4 mm/hour during the lo-month study period (fig. 3).
Inflow and outflow runoff concentrations for each associated
erosion control treatment were collected for each rain event.
Sediment deposi t ion was measured on four occasions during
the study period by col lect ing sediment  bags and measuring
sediment deposited on the forest  f loor.

140

120

3 loo
E.

RUNOFF CONCENTRATION REDULYHONS
The reductions in runoff concentration deviated horn

normality and were normalized with a logarithmic trans-
formation. ANOVA  detected significant treatment effects
@  > 0.001) in the concentration reductions. No significant
differences were detected in concentration reductions be-
tween vegetation,  sediment fence,  and sett l ing basin treat-
ments ( table 2).  Sett l ing basin and rip-rap treatments were
statistically similar in capacity to filter sediment laden
runoff.

The settling basin and rip-rap treatments were less
effective than other treatments at  f i l tering sediment during
large storm events (~40 mm). Runoff during these storms
exceeded the design capacity for the settling basins and
flushed trapped sediment from the rip-rap treatment. The
sett l ing basin was 100% effect ive on al l  but  10 events ,  but
yielded a mean reduction of  only 85 over the study period.

TO T A L  E X P O R T E D S E D I M E N T
Sediment export was expected to be least below treat-

ments  with the highest  reduct ions in runoff  concentrat ions.
No significant treatment differences in mean sediment export
or runoff volume were found during the lo-month study
period (table 3). Sediment export for vegetation, sediment
fence, rip-rap, and settl ing basin treatments were 43.4,43.0,
30.1,  and 23.0 kg, respectively.

In an attempt to obtain a better understanding of the
sediment export  data,  a detailed look was taken at  the two
components measured: sediment deposited on the forest
floor,  and sediment collected in sediment bags.  On average
for the four treatments, sediment deposited on the forest floor
accounted for more than 93% of total sediment export for all
four treatments. Sediment collected in sediment bags

0

Figure  3. Observed precipitation and intensity at Tuskegee site during study period.
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accounted for less than 1% of total  sediment export  for the
set t l ing basin t reatment .  ANOVA  detected signif icant  t reat-
ment effects on the sediment bag data collected from each of
the treatments. The settling basin and sediment fence yielded
significantly less sediment in the sediment bags than the
rip-rap and vegetation (table 4). The rip-rap treatment
yielded 20 t imes more sediment  in  sediment  bags than the
settling basin during the study period.

DISCUSSION
Exported sediment that  then deposi ted on the forest  f loor

consisted of the larger soil particles carried in the surface
runoff,  which requires greater energy to remain suspended.
The sediment collected in sediment bags was smaller soil
particles easily transported by runoff for longer distances and
therefore would more likely reach stream systems. Treat-
ments with greater reductions in sediment deposited in
sediment bags will likely reduce the water quality impacts of
forest  road sediment.

The study soil in this investigation likely had an effect on
the measured sediment delivery rates downslope.  The loamy
sand had a high infi l t rat ion rate of  30 cm/hr,  which reduced
the total runoff entering the treatment area. The high
infiltration rate reduced the erosive energy of the runoff,
thereby reducing the sediment transport distances down-
slope.  Reduction of runoff volumes generally reduces the
detachment and transport energy of the runoff waters.

Table  2 .  M e a n  rnoofPconcentration  r e d u c t i o n s
for treatments durbq  the study period.

Mean Inflow Mean Runoff
Runoff Concentration

Concentration Reductions@]
Trea tmen t N (wm) @pm)

Vege ta t i on 4 8 306.1 187.0a

Sediment fence 6 2 251.3 183.8d
Settling basin 14 142.0 129&b
Rip-rap 4 9 2 2 8 . 7 115.7b

ial  Means with the  same letter indicate no significant difference using Dun-
can’s Multiple Range Test, P >  0.05.

T a b l e  3 .  S e d i m e n t  e x p o r t  d u r i n g  t h e  s t u d y  p e r i o d .
Average AVfXIgZ

S e d i m e n t T o t a l F l o w
Expord”]  Runoffi~l  D i s t a n c e

Drainage
Area

Trea tmen t N WJ  (m3)  (4 (m2)

Vege ta t i on 3 43.4a 2 0 0 a 6 0 2 4 0
S e d i m e n t  fence 3 43.0a 14&, so I70
Rip-rap 3 30.la 17Oa 60 200
Settling  basin 3 23.Oa 1SOa 5 0 1 8 0

[al  The same letters within a column indicate no significant difference using
Duncan’s Multiple Range Test, P >  0.05.

Table  4 .  M e a n  c o l l e c t e d  s e d i m e n t  b a g  w e i g h t s  d u r i n g  t h e  s t u d y  p e r i o d .
Mean  !kiiment  Bag  Weigh@1

Trea tmen t N (kg)
Riprap
Vege ta t i on
Sediment fence
Settling basin

2.23a
1 .%a

0.64b
O.llh

Ial Means with the same letter indicate no significant difference using Dun-
can’s Multiple Range Test, P >  0.05.

Additional investigations to characterize the effect of erosion
control  t reatments on different  soi l  types are being devel-
oped.

In the past 70 years, research has been carried out on
sediment transport  and erosion control  on the traveled way,
roadside slopes, and filter strips. The result of this work has
spawned most  s tates to recommend BMPs,  which involve
ut i l iz ing erosion control  techniques on the  road prism and
adequate f i l ter  s tr ip widths to remove sediment from runoff
before reaching waterways. Long-term monitoring of re-
quired f i l ter  s tr ip widths has not  been accomplished by any
of the previous work.

The f i l ter ing capacity of  the forest  f loor is  not  boundless
and decreases as sediment is  deposited from runoff.  In t ime,
as the filtering capacity of the forest floor is exhausted,
sediment can be delivered to streams, complicating water
quali ty issues.  Effective f i l tering of sediment-laden runoff
can be accomplished before runoff reaches the forest floor.
Previous work has investigated filter strips used below
erosion sources to control erosion losses but has not focused
on the roadside ditch and control techniques that can be
applied to reduce sediment transport .  Research needs to be
undertaken to investigate techniques that  can be applied to
reduce sediment transport onto the forest floor and eventually
to  s t reams.

C O N C L U S I O N S
All  four  t reatments  in the invest igat ion resul ted in mean

runoff concentration reductions greater than 40% over the
study period.  ANOVA  detected significant treatment effects
(p > 0.001) on runoff  concentrat ion reductions.  No signifi-
cant differences were found between concentrations from
vegetation,  sediment fence,  and sett l ing basin treatments,  or
between settling basin and rip-rap. The vegetation and
sediment fence treatments, however, yielded greater reduc-
tions in runoff concentrations than the rip-rap. Settling
basins were very effective for storms smaller than the design
storm and appear to hold promise if  they can be constructed
with enough capacity for most  of the s torm events .

ANOVA  detected no significant differences in total
exported sediment below each treatment, but real differences
may exist and might be detected if considerably larger
sample sizes could be obtained in future studies. The settling
basin,  which had the greatest  retention t ime for runoff,  had
less sediment export below the treatment than all other
treatments in the experiment The rip-rap treatment also had
a relatively low sediment export in comparison to the
sediment fence and vegetat ion treatments.
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